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ABSTRACT 

The performance evaluation of a power-operated stationary maize dehusker sheller at the Institute 

for Agricultural Research, IAR, Ahmadu Bello University, Zaria was conducted using quality 

protein maize, QPM,  variety to validate the developed optimization model. The experiment was 

set in a factorial design involving four variables, speed, S, feed rate, F, cylinder-concave 

clearance, C and maize crop moisture content, M, each at three levels; The layout was in a 

completely randomized block design (3x3x3x3= 81 treatments) and replicated three times. The 

moisture content was blocked due to the nature of the controlled crop condition. During 

performance tests, values of 750, 850 and 950 rpm; 30, 40 and 50 kg/min; 35, 40, and 45 mm and 

9, 12 and 15 % were used as speed, feed rate, concave clearance and moisture content (wet basis), 

respectively. The analysis of the data was carried out using the SAS statistical package.. Duncan’s 

multiple range tests were used to compare the differences between significant means for variables. 

The Best performance was obtained through an appropriate ranking of the indices that need to be 

maximized  (shelling, cleaning, and output) and those that need to be minimized (grain damage 

and scatter loss). The Best combination gave speed, feed rate, concave clearance, and Moisture 

Content of 950 rpm, 50 kg/min, 35 mm, and 9 % respectively. The shelling efficiency, output 

capacity, cleaning efficiency, grain damage, and scatter loss obtained at this combination were 

99.28 %, 844.69 kg/h, 97.07 %, 4.79 %, and 16.24 %, respectively. 

Keywords: cylinder speed, feed rate, shelling efficiency, grain damage, concave clearance, maize 

dehusker sheller 

 

1.0 INTRODUCTION 

Maize (Zea mays L.) is the preferred staple 

food of more than 1.2 billion consumers in 

Latin America and sub-Saharan Africa, 

where 30 – 50 % of the population is 

malnourished (Sobukola et al., 2008). 

Studies in Maize production in different parts 

of Nigeria have shown increasing importance 

of the crop due to growing utilization by food 

processing industries and livestock feed mills 

(Ogunsumi et al., 2005). Nigeria produces a 

total of 12.760 million metric tons of maize, 

which accounts for 42 % of its total cereal 

production of 30.404 million metric tons 

(FAO, 2019). 

Threshing is the first and most important 

postharvest operation for grain crops. It 

involves the detachment of grain kernels 

from the heads, cobs, or pods as the case may 

be. Local demands for threshing equipment 

have encouraged unprecedented production 

of power threshers in many developing 

countries. Such threshers have proven to be a 

precursor to mechanization and a needed 

item that can launch indigenous 

manufacturing capabilities in low-income 

countries (Kutzback and Quick, 1999). 

Traditional methods are laborious, the output 

is low, high losses are also recorded 

(Enaburekan, 1994). The output in terms of 

dehusking-shelling of Maize cobs was 

reported to be 30 kg/hr with 8.3 % grain 

damage in the traditional system- dehusking 
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by hand and beating with wooden sticks 

(Singh et al., 2011). Threshing, as it applies 

to maize crop, is commonly referred to as 

shelling. In some sheller designs, the husks 

have to be separately removed before 

feeding, whereas in others, the whole head 

including the husks is fed into the sheller. 

These are referred to as dehusker shellers. o 

design equipment for handling, conveying, 

separating, drying, aeration, storing, and 

processing of maize seeds, it is necessary to 

know the crop and machine factors that play 

key roles in their optimal performance. The 

crop factors, machine parameters, and their 

interaction determine the performance 

characteristics of a particular threshing 

machine (Enaburekan, 1994).  

 

Due to the devaluation of the Nigerian 

currency there is a high cost of the imported 

machinery (Olorunwa and Olaniyan, 2018). 

These made necessary the development of 

indigenous machinery by research institutes, 

universities, other institutions of learning 

(Dangora, 2015). The Institute for 

Agricultural Research, IAR, Ahmadu Bello 

University Zaria, developed a maize 

dehusker sheller in 1998. The machine has, 

over the years, undergone modifications to 

improve its performance. Currently, the 

machine has wide patronage by farmers in the 

North-Western states of Nigeria. It was 

however observed that the maize grain losses, 

more especially from the cob thrower outlet, 

are above acceptable limits (>12 %) 

(Dangora,  2015). In part one of this research 

work, performance evaluation experiments 

were conducted to develop modeling shelling 

parameters and to optimize the dehusking-

shelling process of the machine for minimum 

scatter losses, minimum damages, and 

maximum shelling. This paper covers part 

two. The objective of this study was to 

conduct performance evaluation experiments 

of the sheller to validate the developed 

models. 

 

2.0 MATERIALS AND METHOD 

2.1Description of the existing IAR maize 

dehusker sheller 

This machine uses a peg type cylinder, which 

works against a stationary concave screen. 

The drum is mounted on a 28 mm diameter 

shaft. The pegs are arranged in four rows with 

each row having five pegs. The cylindrical 

pegs have a uniform height of 48.5 mm above 

the drum. The prime mover is a 4.5 KW 

diesel engine. The Machine does not 

incorporate a reciprocating sieve assembly. 

The cylinder-concave clearance is 40 mm 

(Figure 1). During performance tests, values 

of 35 mm and 45 mm were used to obtain 

parameters at three levels of clearance values. 

A cob thrower outlet is provided at the end of 

the shelling length. Sieve hole openings are 

21 mm in diameter and have a distance of 50 

mm center to center (Dangora, 2015).8 
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Figure 1: IAR Maize dehusker sheller 

 

2.2 Experimental Procedures 

Maize dehusking and shelling experiments 

with QPM variety were conducted. Each 

experiment was a factorial design involving 

four variables speed, S, feed rate, F, concave 

clearance, C and Moisture content, M, each 

at three levels; The layout was in a 

completely randomized block design 

(3x3x3x3=81 treatments) and replicated 

three times. The moisture content was 

blocked due to the nature of the controlled 

crop condition. The performance indices 

used are computed using equation (1) to (4) 

Ndirika (1997). They were as follows: 

𝐶 =  
𝑄𝑇

𝑡
         (1) 

Where, 

C= capacity (Output), kg/h 

QT= weight of whole-grain collected in unit 

time, kg 

t= Threshing time, hours. 

𝜂𝑇 =  100 − (
𝐴

𝑇𝐺
) × 100 %   (2) 

Where, 

 𝜂𝑇 = Threshing efficiency, % 

A = Weight of Unthreshed grain in unit 

time, kg 

TG = Total grain input in unit time by 

weight, kg 

 𝜂𝐶 = (
𝐵

𝐷
) ×  100 %        (3) 

Where, 

 𝜂𝐶 = Cleaning efficiency, % 

B = Weight of the  whole clean grain in unit 

time at grain outlet, kg 

D = Weight of whole material collected in 

unit time at the grain outlet, kg 

𝐿𝑆 = (
𝐸

𝑇𝐺
) ×  100 %  (4) 

Where, 

LS = Scatter loss, % 

E = Weight of scattered grain collected in 

unit time, kg 

TG = Total grain input per unit time by 

weight, kg 

 

According to Behera et al., (1995)10, the 

damaged grain is given by equation (5): 

𝐷𝑔 = (
𝐺

100
) ×  100 %    (5) 

Where, 

Dg = Damaged grain, % 

G = Weight of visually damaged grain 

isolated in 100 grams of threshed sample, g 

The analysis of the data was carried out using 

the SAS statistical package. Duncan’s 

multiple range tests were used to compare the 

differences between significant means for 

variables. 
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3.0 RESULTS AND DISCUSSION 

The effects of the independent variables on 

the performance indices are highly 

significant as shown in Table 1 and discussed 

below. The summary of Duncan Grouping is 

presented in Table 2. Table 3 shows mean 

Sheller performance values for validation 

results at different variable combinations  

concerning 12 % moisture content. 

 

3.1Effect of cylinder speed on 

performance indices  
Analysis of variance (Table 1) shows that 

cylinder speed has a significant effect on all 

the performance indices. At constant 

moisture content, feed rate and cylinder 

concave clearance of 9 %, 30 kg/min and 35 

mm, respectively, the following trend was 

observed: As the cylinder speed was 

increased from 750 to 950 rpm, the output 

capacity, shelling efficiency, cleaning 

efficiency, grain damage, and scatter loss 

values increased from 525.40 to 848.48 kg/h, 

98.41 to 99.80 %, 87.43 to 95.18 %, 5.14 to 

7.00 % and 13.85 to 15.46 %, respectively 

(Table 3). A similar trend was observed at 

other moisture contents of 12 and 15 % 

(Dangora 2015). The increase in shelling 

efficiency with increased speed is clear 

because as the frequency of impact and 

consequently rubbing action of the grains 

was more severe at increased speed, the 

shelling increases. These observations are 

corroborated by findings from other 

researchers (Sseiz et al., 2007, Simonyan, 2009, 

Chuan-Udom, 2016). When other factors are 

kept constant, the increase in grain damage as 

the speed increases could be explained by the 

fact that at higher speeds, there is no much 

build-up of the straw-grain material in the 

threshing chamber that could provide the 

needed cushioning effect on the grains. As 

such, grain damage increases. These 

observations are corroborated by findings 

from other researchers (El-Haddad, 2000; 

Fernando et al., 2004; Vajasit and Solokha, 

2006, and Sseiz et al., 2007). The increase in 

cleaning efficiency with increasing cylinder 

speed, all other factors being constant, could 

be attributed to the fact that according to the 

design, the cleaning fan pulley is directly 

being driven by the cylinder pulley. Hence an 

increase in cylinder speed enhanced higher 

cleaning. The increase in grain losses at 

higher speeds maybe because at increased 

shelling rate there was no corresponding 

increase in separation rate leading to 

increased losses of grain. Duncan grouping 

(Table 2) shows that the highest mean value 

for output, shelling efficiency, cleaning 

efficiency, grain damage, and scatter loss of 

682.24 kg/hr, 98.69 %, 94.81 %, 4.22 %, and 

15.15 %, respectively, were obtained at the 

highest speed of 950 rpm. 

 

3.2 Effect of crop feed rate on performance 

indices  
Analysis of variance (Table 1) shows that the 

feed rate has a significant effect on all the 

performance indices. At constant moisture 

content, cylinder speed and concave 

clearance of 9 %, 850 rpm and 35 mm, 

respectively, the following trend was 

observed: As the feed rate was increased 

from 30 to 50 kg/min, the shelling efficiency, 

cleaning efficiency, grain damage, and 

scatter loss values decreased from 99.15 to 

98.54 %, 97.13 to 96.53 %, 5.12 to 4.69 % 

and 16.73 to 16.03 %, respectively (Table 3). 

The output capacity, however, had a 

corresponding increase from 846.48 to 

650.63 kg/h. A similar trend was observed at 

other moisture contents of 12 and 15 % 

(Dangora, 2015). The decrease in shelling as 

a result of increased feed rate may be 

attributed to the fact that at higher feed rates, 

there would be crop stream material build-up. 

This may tend to reduce the probability of 

detachment of the grain and hence decrease 

the shelling. The significant decrease in grain 

damage at higher feed rates, keeping other 
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factors constant, could be due to the dense 

crop stream material to cushion the beater 

impacts thus shelving the grains from the 

beating impulse. The decrease in cleaning 

efficiency with increased feed rates might 

have happened due to the excessive presence 

of chaff to be blown, which is a reality 

associated with higher feed rates. This could 

also be attributed to the higher volume of 

material at higher feed rates, which in turn 

reduces the fan performance. This agrees 

with Anwar et al., (1991). The output 

capacity increased with an increase in feed 

rate, all other factors being constant. This 

could be because the output is a percentage or 

fraction of the feed rate. The cob/grain ratio 

and separation rate accounting for the 

difference. Therefore it increases with an 

increase in feed rate. Duncan grouping shows 

that the highest mean value for shelling 

efficiency, cleaning efficiency, grain 

damage, and scatter loss of 98.43 %, 94.94 %, 

4.27 %, and 15.22 %, respectively, were 

obtained at the lowest feed rate of 30 kg/min. 

The highest mean value for output capacity 

of 614.19 kg/h was obtained at the highest 

feed rate of 50 kg/min. 

 

3.3 Effect of the cylinder - concave 

clearance on performance indices  
Analysis of variance (Table 1) shows that the 

concave clearance has a significant effect on 

all the performance indices. At constant 

moisture content, cylinder speed and feed 

rate of 9 %, 850 rpm and 30 kg/min, 

respectively, the following trend was 

observed: As the concave clearance was 

increased from 35 to 45 mm, the output 

capacity, shelling efficiency, cleaning 

efficiency and grain damage, values 

decreased from 650.63 to 614.79 kg/min, 

99.15 to 98.69 %, 97.13 to 95.80 %, and 5.12 

to 4.51 %, respectively (Table 3). The scatter 

loss, however, had a corresponding increase 

from 16.73 to 17.32 %. A similar trend was 

observed at other moisture contents of 12 and 

15 % (Dangora, 2015). The decrease in 

shelling efficiency with increased concave 

clearance may be due to the reason that at 

higher clearance there is an increased gap that 

may not only allow the escape of the crop 

from the beats of the pegs but also reduce the 

resistance between the cobs and the drum. 

These mean insufficient force and frequency 

of impacts, the result of which is decreased 

shelling. This agrees with Sudgan et al., 

(2005). The grain damage decreased with an 

increase in concave clearance, all other 

factors kept constant. Of course with the 

increased cross-sectional area due to 

increased clearance, the impact force on the 

free grain before separation reduces. That 

may decrease the damage. At higher 

clearance, there is a tendency for spillover 

straw- chaff stream. This could reduce 

cleaning. The increase in scatters losses with 

an increase in concave clearance may be due 

to the reason that at higher clearance, the 

separation rate could not match the crop 

stream volume increase. Thus the free grain 

not separated within the time goes out as loss. 

Duncan grouping shows that the highest 

mean value for output capacity, shelling 

efficiency, cleaning efficiency, and grain 

damage of 602.55 kg/h  98.47 %, 95.29 %, 

and 4.33 %, respectively, were obtained at the 

lowest feed rate of 30 kg/min. The highest 

mean value for scatter loss of 15.06 % was 

obtained at the highest concave clearance of 

45 mm. 

 

3.4 Effect of grain moisture content on 

performance indices  
Analysis of variance (Table 1) shows that the 

grain moisture content has a significant effect 

on all the performance indices. At constant 

feed rate, cylinder speed and concave 

clearance of 40 kg/min, 950 rpm and 35 mm, 

respectively, the following trend were 

observed: As the grain moisture content was 

reduced from 15 to 9 %, the output capacity, 

shelling efficiency, cleaning efficiency, grain 
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damage and scatter loss values increased 

from 532.24 to 729.39 kg/h, 98.56 to 99.56 

%, 93.20 to 97.02 %, 4.16 to 5.33 % and 

13.72 to 16.61. A similar trend was observed 

in other factor combinations (Dangora, 2015. 

At higher moisture, the high grain adhesion 

to the cob, decreases the shelling rate. At 

lower moisture, less impact force is required 

to detach the grain from the cob, hence higher 

shelling. With less moisture, the crop stream 

build-up tends to be less. Separation could 

thus be enhanced and therefore increased 

output. Grain damage is high at lower 

moisture content. This agrees with Oluwale 

et al., (2007). A possible explanation is that 

at higher moisture, the grain tends to be more 

elastic and hence less brittle. At lower 

moisture, it becomes more brittle and 

therefore yields easier to beater impacts. 

Duncan grouping shows that the highest 

mean value for output, shelling efficiency, 

cleaning efficiency, grain damage, and 

scatter loss of 670.27 kg/hr, 98.70 %, 95.84 

%, 4.54 %, and 16.59 %, respectively, were 

obtained at the lowest grain moisture content 

of 9 % (wet basis). 

 

CONCLUSION  

A comprehensive evaluation of the IAR 

maize dehusker sheller was performed.  

Specifications which stipulate the variables 

and the corresponding performance indices 

for best results were established. The best 

combination gave speed, feed rate, concave 

clearance, and Moisture Content of 950 rpm, 

50 kg/min, 35 mm, and 9 % respectively. The 

performance indices shelling efficiency, 

Output capacity, cleaning efficiency, grain 

damage, and scatter loss obtained at this 

combination were 99.28 %, 844.69 kg/h, 

97.07 %, 4.79 %, and 16.24 %, respectively

. 

RECOMMENDATIONS 

The results obtained could be used in the 

validation of a mathematical model using 

Buckingham’s theorem in dimensional 

analysis and the theory of axial threshing 

(Dangora, 2015). 

 

Table 1: Summary of the Analysis of Variance for the Effects of Variables on the Performance     

Indices for Model Validation Experiment 

 

Source DF Output Shelling Cleaning Damage Loss 

Replication, R 2 1.71 ns 1.29   ns  0.61  ns   12.76    ** 1.51  ns 

Speed, S 2 1384.70 ** 23908.5 *  1227.71 **    1870.16 ** 14665.5  ** 

Feed rate, F 2 514.96 ** 6623.14 **   1575.90 **  2216.61 **    16568.6  **   

Concave clearance, C 2 213.90 ** 10068.2 ** 4202.34 **    3358.21  ** 7264.54  **   

Moisture Content, M 2 4606.97 ** 27978.3 **    23900.6 **  7104.23  **   222982  ** 

S*F 4 0.45 ns 8.95   ** 18.61   ** 31.36   ** 557.82    ** 

S*C 4 3.98 ** 122.63  ** 96.41   ** 25.82   ** 36.70     ** 

S*M 4 42.83 ** 111.34 **    56.72   ** 20.49   ** 659.36    ** 

F*C 4 20.84 ** 1.58 ns 72.95   ** 5.47    ** 68.15     ** 

F*M 4 41.20 ** 61.72  ** 8.92    ** 13.16   ** 512.83    ** 

C*M 4 19.76 ** 441.25 ** 98.47   ** 8.54    ** 79.65     ** 

S*F*M 8 1.74 * 29.85 **    32.48   ** 18.69  ** 35.29     ** 

S*F*C 8 2.99 ** 27.49  **  6.95    ** 6.41    ** 205.44    ** 

S*C*M 8 3.05 ** 36.73  ** 60.07   ** 8.56    ** 52.69     ** 
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F*C*M 8 8.28 ** 24.89  ** 10.99   ** 18.81   ** 38.35     ** 

S*F*C*M 16 1.53 * 5.75   ** 11.74   ** 6.11    ** 18.70     ** 

Error 160      

Total 242      

ns: not significant; *: significant (i.e. at 5%); **: highly significant (i.e. at 1%);    

 

           Table 2: Summary of Duncan Grouping for Validation Data 

Variable 

Performance Indices 

Output  

Capacity 

Kg/h 

Shelling 

Efficiency 

% 

Cleaning 

Efficiency 

% 

Grain 

Damage 

% 

Scatter  

Loss 

% 

Speed 

rpm 

950, 682.24a   950, 98.69 a  950, 94.81 a 950, 4.22 a   950, 15.15 a  

850, 584.03 b   850, 98.14 b   850, 94.57 b  850, 4.01 b  850, 14.79 b  

 750, 518.50 c   750, 97.70 c  750, 93.93 c  750, 3.67 c  750, 14.30 c 

Feed 

Rate 

kg/min 

 50,  614.19 a  30,  98.43  a  30,  94.94 a     30,  4.27  a       30,  15.22 a  

40,  575.91  b   40,  98.18 b   40,  94.45b           40,  3.98 b   40,  14.70 b  

 30,  544.68 c  50,  97.91 c   50,  93.92 c     50,  3.65 c   50,  14.32 c  

Concave 

Clearance 

m 

 35,  602.55 a  35,  8.47 a  35,  95.29 a  35,  4.33 a   45,  15.06 a  

 40,  573.93 b  40,  98.23 b   40,  94.41 b   40,  3.99 b  40,  14.72 b      

 45,  558.30  c   45,  97.84 c  45,  93.62 c  45,  3.57 c 35,  14.46 c  

Moisture 

Content 

% 

  9,  670.27  a    9,  98.70 a 9,  95.84  a  9,  4.54 a  15, 16.59 a  

 12,  599.28 b   12,  98.20 b   12,  95.32 b  12, 3.84 b  12,  14.29 b 

 15,  465.23 c    15,  97.64 c   15,  92.16 c  15,  3.49 c  15,  13.35 c 

NB: Means with the same letter are not significantly different. 
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Table 3: Mean Values of Field Performance Data for Validation Experiments at 12 % Moisture  

Content 

 

SPD FDR CLR MC Output,  Shelling Cleaning Damage SCLoss 

rpm Kg/min mm %, wb Kg/h Eff, % Eff, % % % 

750 30 35 12 514.05 98.30 95.86 4.21 14.06 

750 40 35 12 546.32 98.00 95.28 3.87 13.64 

750 50 35 12 584.36 97.83 94.92 3.64 13.32 

850 30 35 12 567.56 98.67 96.77 4.40 14.44 

850 40 35 12 612.77 98.52 96.27 4.26 14.07 

850 50 35 12 676.87 98.25 95.95 4.18 13.74 

950 30 35 12 650.53 99.19 97.25 4.74 14.69 

950 40 35 12 671.61 98.99 96.86 4.42 14.33 

950 50 35 12 687.26 98.86 96.63 4.24 14.03 

750 30 40 12 513.89 98.18 95.11 3.88 14.36 

750 40 40 12 541.63 97.87 94.69 3.55 13.89 

750 50 40 12 557.26 97.63 94.06 3.27 13.71 

850 30 40 12 559.93 98.52 96.06 4.20 14.67 

850 40 40 12 599.92 98.29 95.45 3.80 14.31 

850 50 40 12 613.29 98.05 94.90 3.51 13.93 

950 30 40 12 614.25 98.94 95.61 4.55 14.76 

950 40 40 12 671.48 98.70 95.23 4.11 14.54 

950 50 40 12 697.19 98.46 94.86 3.77 14.00 

750 30 45 12 502.98 97.63 94.77 3.50 14.77 

750 40 45 12 523.00 97.35 94.46 3.21 14.30 

750 50 45 12 540.33 97.12 93.66 3.02 14.03 

850 30 45 12 565.85 97.95 95.38 3.74 14.93 

850 40 45 12 585.46 97.72 94.88 3.51 14.66 

850 50 45 12 609.71 97.50 94.46 3.15 14.32 

950 30 45 12 635.58 98.59 95.82 3.99 15.13 

950 40 45 12 661.30 98.27 95.19 3.66 14.85 

950 50 45 12 676.11 97.93 93.17 3.37 14.56 

 

Key: 

SPD, Speed, rpm; FDR, Feed rate, kg/min; CLR, Cylinder-concave clearance, m; MC, moisture 

conten, wet basis, %; SCLoss, scatter losses, % 
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